OBJECTIVES The purpose of this study was to examine cerebral blood flow (CBF) supine and during upright sitting in HF patients and control subjects to test the hypothesis that patients with HF will have a greater reduction in CBF from supine to seated compared with the control group.
H eart failure (HF) is an independent predictor of cognitive decline (1) that affects w25% to 50% of patients (2) . Cerebral hypoperfusion secondary to impaired cardiac function is believed to contribute to the burden of cognitive impairment. Indeed, when heart function is improved with cardiac transplantation or cardiac resynchronization therapy, improvements in cognition and cerebral blood flow (CBF) have been noted (3) (4) (5) (6) . Although several studies have reported reduced CBF in patients with HF (7-9), these reports measured CBF only while supine. The purpose of the present study was to evaluate the cardiovascular and cerebrovascular response to an upright, seated position in HF patients compared with control subjects. We hypothesized a greater CBF decrease in response to the upright position in the HF group compared with the control group and that the decrease would be greatest in those with a lower supine resting cardiac output. M o n t r e a l C o g n i t i v e A s s e s s m e n t . The
PATIENTS AND METHODS

Twenty
MoCA is a screening tool for mild cognitive impairment and has been used previously in a population with HF (12, 13 
Fraser et al.
Cerebral Hypoperfusion in Upright Posture supine variables between HF patients and control subjects were also compared by using Student t tests.
When Table 2 ).
There was a trend for warfarin use (p ¼ 0.055) to be higher in the HF group.
BASELINE. Cardiovascular and cerebrovascular variables during the supine baseline posture were compared between the HF patients and control subjects, as shown in Table 3 CI was lower in the HF group (p < 0.001; main effect Cerebral Hypoperfusion in Upright Posture 
DISCUSSION
The present study examined the cardiovascular and cerebrovascular response to an upright seated posture in HF patients compared with control subjects and evaluated if supine CI was predictive of the magnitude of drop in CBF. As anticipated based on previous literature (7-9), HF patients had lower Evidence is mounting that impaired cardiac function, indicated by low cardiac output, may accelerate the effects of normal cerebral aging, including cognitive impairment (17, 18) . Low cardiac output has also been linked to neuroimaging abnormalities attributable to chronic ischemia, specifically white matter hyperintensities (19) . In the Framingham Heart Study, a threshold CI of <2.9 l/min/m 2 , measured by using magnetic resonance imaging, was proposed as a potential clinical threshold for abnormal brain changes because significantly lower brain volumes were detected beyond this point (20) . Fraser et al.
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Cerebral Hypoperfusion in Upright Posture The high prevalence of cognitive impairment in HF has been attributed in part to cerebral hypoperfusion secondary to impaired cardiac function.
We found that >60% of the HF patients had some degree of cognitive impairment as detected by a
MoCA score <26. This finding is slightly higher than previous research, which documented that 25% to 50% of HF patients experience cognitive deficits (2).
Importantly, no formal documentation of cognitive impairment was present in this sample, suggesting that a large portion of mild to moderate cognitive deficits go undetected in a clinical setting. This possibility is concerning given that even mild cognitive deficits may interfere with important self-care practices for HF. In a recent study, poor self-care was an independent risk factor for cardiac events and hospitalizations as well as length of hospital stay (21).
Our novel findings suggest that cerebral hypoperfusion is exaggerated in the upright position and thus may further contribute to cognitive decline over time by compromising cerebral perfusion and leading to chronic ischemia in deep cerebral structures and watershed territories.
STUDY LIMITATIONS. A notable limitation of this study is that cardiac output was estimated from the Finometer Pro. The accuracy of the Modelflow algorithm used to estimate cardiac output has been questioned in special populations (22) and with sympathetic activation (23, 24) ; our results should therefore be confirmed by using alternative methods.
In the seated position, CBF was only assessed unilaterally on the right side, and assumptions were made regarding bilateral symmetry. In the supine position, CBF RICA and CBF LICA did not differ; therefore, the change to the upright position was presumed to also be the same. The relatively small sample size and cross-sectional nature of this study also must be acknowledged. In addition, our HF group was diverse but reflects the heterogeneity of this population. The effect of medications should also be considered, as most HF patients were on some combination of beta-blocker, angiotensin-converting enzyme inhibitor, and diuretics that may have affected posture response, especially heart rate on sitting. Furthermore, our results should be interpreted with caution because we did not correct for multiple comparisons. However, we analyzed significant differences from the repeated measures analysis of variance tests by using the conservative Tukey test.
CONCLUSIONS
This study was, to the best of our knowledge, the first to investigate CBF in a HF population in the upright, other studies (18, 20, 25) , which propose that impaired cardiac function below a threshold value may accelerate normal cerebral aging.
PERSPECTIVES
Future work should seek avenues that limit the extent of reductions in upright CBF. An optimal Therefore, continuing to investigate hypoperfusion in the upright posture and seeking ways to limit the extent of damage could improve the quality of life and outcomes for these patients.
